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Claims 

1 . In a wireless communication system that conducts transmission of digital data from a 
first station to a second station, a digital wireless communication system characterized in that, 
when a transmission error is detected in regard to the digital data that have been transmitted, the 
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second station transmits a multipath detection code with a resend request signal or a resend request 
signal that is modulated by means of a multipath detection code to the first station, and at the first 
station, after this resend request signal has been analyzed, transmission of the digital data to the 
second station is conducted again. 

2. A digital wireless communication system recorded in the scope of Claim 1, characterized 
in that, after the digital data have been corrected based on the transmission path information that 
was obtained by analyzing the resend request signal in the first station, transmission of the digital 
data to the second station is conducted again. 

3. A digital wireless communication system recorded in the scope of Claim 1, characterized 
in that, at the time of transmitting a resend request signal from the second station to the first station, 
a frequency band is used that is the same as the frequency band used at the time the transmission 
of the digital data was conducted from the first station to the second station. 

4. A digital wireless communication system recorded in the scope of Claim 1, characterized 
in that, at the time of again conducting the transmission from the first station to the second station, 
a frequency band is used that is the same as the frequency band used at the time the transmission 
of the resend request signal was conducted from the second station to the first station. 

5 . A digital wireless communication system recorded in the scope of Claim 1 , characterized 
in that, the first station is equipped with a plurality of antennas, these are antennas which conduct 
the transmission of digital data by means of determining the directivity beforehand by synthesizing 
the radiation characteristics of these antennas, and at the time of again conducting the transmission 
of digital data from the first station to the second station, a directivity of the antenna is used that is 
the same as the directivity of the antenna used at the time the transmission of the resend request 
signal was conducted from the second station to the first station. 

6. A digital wireless communication system recorded in the scope of Claim 2, characterized 
in that, the first station is equipped with a plurality of antennas, these are antennas which conduct 
the transmission of digital data by means of determining the directivity beforehand by synthesizing 
the radiation characteristics of these antennas, and at the time of again conducting the transmission 
of digital data from the first station to the second station, based on the transmission path 
information that was obtained by analyzing the resend request signal at the first station, after the 
digital data are corrected by means of synthesizing the directivity of the above-mentioned antennas, 
the transmission of the digital data to the second station is conducted again. 

7. In a digital wireless communication system that transmits digital data between a first 
station and a second station, a digital wireless communication system characterized in that, by 
means of determining multiple transmission start times by using the value of the mobile speed of 
the second station and the value of the frequency that was used in the transmission of the digital 



data, the second station transmits the same digital data two or more times. 

8. A digital wireless communication system recorded in the scope of Claim 7, characterized 
in that, based on the time spacing of the above-mentioned multiple transmission start times, the 
first station transmits the same digital data two or more times. 

9. A digital wireless communications system recorded in the scope of Claim 7 wherein, at 
the first station at which the digital data transmitted two or more times has been received, recovery 
of the received data is conducted based on third digital data in which the first received digital data 
and the second received digital data are synthesized. 

10. A digital wireless communication system recorded in the scope of Claim 8 wherein, at 
the second station at which the digital data transmitted two or more times has been received, 
recovery of the received data is conducted based on third digital data in which the first received 
digital data and the second received digital data are synthesized. 

1 1. A digital wireless communications system recorded in the scope of Claim 7, 
characterized in that the digital data that are transmitted between the first station and the second 
station are data that are encoded by means of a soft decision encoding, at the first station at which 
digital data that have been transmitted two or more times are received, after the re-decision has 
been conducted based on data in which the data in which the first received digital data have been 
soft decided and the second received digital data have been soft decided are added, recovery of the 
received data is conducted. 

12. A digital wireless communications system recorded in the scope of Claim 7, 
characterized in that, in the event the mobile speed of the second station is greater than a prescribed 
speed, by means of determining the plurality of transmit start times by using the value of the 
mobile speed of the second station and the value of the frequency that is used in the transmission 
of the digital data, the second station transmits the same digital data at least two or more times. 

Detailed explanation of the invention 
Objective of the invention 
Industrial application field 

This invention relates to a digital wireless transmission system. 

Prior art 

In recent years, the demand for digital mobile communications and furthermore, packet 
communications, has been rapidly expanding. Also, the requests for communications between 
mobile units have also shown an extremely rapid expansion. In this connection, in conducting 
communications with mobile units, there are problems of multipaths, and the influence due to this 
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is particularly noticeable in the transmission of digital data. As a countermeasure with respect to 
these multipaths, transversal type adaptive equalization units are being used. However, in these 
adaptive equalizers, there are a number of problems. Namely, at a frequency, if self orthogonality 
is not maintained, not only can correlation for a sufficiently long period of time and cumulative 
adding calculations not be conducted, the propagation path construction analysis which changes 
moment by moment, such as for the multipaths between mobile units, and its equalization, is 
unsuitable. Also, in transmitting data in which a self orthogonal code is always added, a lowering 
of the amount of transmittable information is invited, and the fact is clear that there is a 
degeneration of transmission efficiency. Also, the equalizer hardware is extremely large, and it is 
not possible for it to be carried in small mobile stations. 

Problems to be solved by the invention 

Thus, in the transmission of digital (packet) data for land-based mobile units, with the prior 
technology, in order to eliminate the deterioration of transmission characteristics due to multipaths, 
equalizers having large hardware were necessary, and the construction of small mobile stations 
was not possible. 

Thus this invention has as its objective the offering of a digital wireless communications 
system which can solve the problem of deterioration of transmission characteristics due to 
multipaths even with a small mobile station. 

Constitution of the invention 
Means to solve the problems 

In order to solve the above-mentioned problems, with this invention, only when an error is 
generated in the transmission data from a master station to a slave station, is a signal that is 
modulated by a multipath detection code used for multipath construction analysis or [a signal] with 
said code added, transmitted, and after the multipath construction is analyzed by means of this at 
the master station, this reversely corrected digital data is retransmitted. 

Operation of the invention 

According to this invention, when an error is generated in the transmission data from a base 
station to a slave station, in order to transmit a resend request signal to which a multipath detection 
code has been added, or to transmit a resend request signal that has been modulated by means of 
a multipath detection code from the slave station, without decreasing the transmit capacity, a 
simple and flexible communications system can be constructed. Also, an equalizer is not included 
in the slave station, and in order to conduct [communications] with all base stations, a slave station 
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can be obtained that is extremely small and light. 

In particular, in a system having a base station which synthesizes signals that are received 
from a plurality of antennas, in which [illegible] is installed with no correlation to the multiple 
antennas, and by means of determining beforehand the directivity by synthesizing the directivity of 
these antennas, the same antenna is used to receive and transmit, and in the case of using the same 
frequency bands, in order to have exactly the same multipath construction for both the up link and 
the down link, by using the multipath construction analysis results of the up link that is analyzed 
by a resend request signal that is emitted from the slave station, the multipath construction of the 
down link is estimated, and if digital data are retransmitted by applying that reverse correction, the 
influence of the multipath can be substantially eliminated in the slave station receiver. Also, after 
once analyzing the multipath construction, by means of applying the same reverse correction until 
the multipath construction is changed, transmit errors are reduced, and the transmit efficiency can 
be improved. 

Application examples 

Figure 1 is a diagram showing one application example of the present invention, and is 
explained by using a packet form digital data transmission as in example. The transmit side sends 
a packet, and if it arrives at the receiving station without any errors, the receive side returns an 
ACK. When there is an error, a NAK (resend request) with a multipath detection code is returned, 
and the base station retransmits a packet which has been reverse corrected. 

The multipath detection code can be a code with a high degree of self orthogonality, and it 
is possible to use an M series, a Gold series, an E series, or the like. In particular, by means of the 
master station using the same antenna for the up/down link as well as the same frequency for the 
up/down link as the slave station, if the up/down multipath constructions are made completely the 
same, the operation of the reverse correction is increased. Also, in order to obtain a multipath 
construction with high time resolution at the base station, the bandwidth of the multipath detection 
code can be made wider than the bandwidth used for packet transmission. In the multipath analysis, 
the correlator shown in Figure 2 can be used. Also, at the base station, as is shown in Figure 3, an 
equalizer can be provided. In this same figure, (SW1) is turned on only during multipath detection 
code reception. 

Also, the NAK can also be modulated by means of the multipath detection code. 

Above, one application example of this invention was explained by taking packet form 
digital data as an example, but this invention is not limited to this application example, and can be 
generally applied to digital wireless. 

Also, when attempting to transmit using a digital data wireless circuit, in its as is condition, 
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there is a problem that a sufficient error rate cannot be obtained. In particular, if the receive 
electromagnetic field strength is less than RE - RE - distributed RE - RE - phasing, regardless of its 
demodulation formula, the error rate deterioration is very large. In order to efficiently conduct 
communications using this type of circuit, space diversity technology is used. This space diversity 
technology is a system in which multiple antennas are prepared, these are installed separated at a 
distance at which there is no mutual association (generally, more than a half wave length of the RF), 
and the signals that are received from both directions are synthesized, demodulated and decoded. 
However, with this system, multiple antennas must be installed, for example, mutually separated 
more than a half wave length, and an extremely large amount of space is required. For example, at 
an RF of 300 MHz, one wave length corresponds to one meter, and because they must be separated 
by more than 50 cm, the weak point remains that miniaturization of the wireless station equipment 
is not facilitated. 

Thus, an application example is shown below for a wireless communications system which 
can be executed in a small mobile station with excellent error rate characteristics even if a RE - RE 
- phasing circuit is used. The point of this application example is as follows. First, during packet 
form data transmission, the same data are transmitted at least two times. Also, the spacing at which 
the same data are transmitted is inversely proportional to the mobile speed, and is inversely 
proportional to the RF, and the ratio constant is C(n + 1/2). 

For the RE - RE - phasing, an electrical field of the wireless frequency is created due to the 
fact that a mobile unit is moving within a standing wave that is obtained by synthesizing reflected 
waves from multiple directions. Therefore, the antenna of the mobile unit is sometimes in the 
position of the peak of the standing wave; in other words, when reflected waves from multiple 
directions are synthesized and a strong electrical field strength is obtained, a strong signal is 
obtained, and, when the antenna is in the position of the valley of the standing wave, the signal 
strength is weak, and a good error rate cannot be obtained. This standing wave is determined by the 
positional relationship of the reflecting body and the electromagnetic wave oscillator source, and 
the radio frequency. The mobile unit, due to the fact that it moves within this standing wave, 
generates a RE - RE - distributed phasing. Incidentally, generally, the peak to peak spacing of this 
standing wave is most often around U2 (X is wave length). In this connection, at the time of 
transmitting packet form data, if the packet is received when the mobile unit is in a valley of this 
standing wave, the error rate is very great. 

Therefore, in order to increase its reliability, the sending of the packet is conducted a 
number of times. However, if this sending spacing happens to be synchronized with the phasing 
pitch that is determined by this standing wave and the mobile speed, the possibility that both of the 
packets will fall within a valley of the standing wave is very high. In that case, the reliability of the 
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system is dramatically reduced. Therefore, it is possible to noticeably increase the reliability of the 
system by sending the two packets and controlling them so that even if one of them enters into a 
valley of the standing wave, the other one does not enter into a valley. Here, a case was explained 
in which the mobile station is receiving, but it is also exactly the same if the base station receives 
electromagnetic waves which the mobile station has emitted. Generally, it is very easy to know the 
mobile speed of a mobile station. Therefore, in regard to the mobile station, it is possible to very 
easily find the phasing pitch from the already known RF and the mobile speed. Thus, when the 
packet is transmitted at least two times, setting and transmitting of a transmission time spacing so 
that even if one of the packets falls into a valley of the standing wave, the other arrives at the base 
station at the peak of the standing wave, are easy. Also, the base station can detect the mobile speed 
of the mobile station from the transmission time spacing of two packets of the mobile station. By 
so doing, the base station, based on the detected speed of the mobile station, determines the 
sending spacing for a packet to the mobile station. 

By means of the above, the reliability of a mobile wireless packet communications system 
using a RE - RE - channel can be remarkably improved. 

Using Figure 4, said application example is explained. The mobile station, at the time of 
transmitting packet form data to the base station, transmits the same packet twice. The time 
spacing is C = c/4vf. In Figure 5, the receive electrical field strength is shown for a case in which 
the mobile unit is moving in a RE - RE - phasing channel. Statistically, this receive field strength 
repeatedly strengthens and weakens cyclically at the time spacing of c/2vf. Here, in the case of 
transmitting two packets at a spacing of c/4vf, at the receive side, even if one of these is received 
as a weak electrical field, the probability that the other will be received at sufficient strength is high. 
Because the spacing is inversely proportional to the frequency and the speed of the mobile station, 
a mobile station for which the speed can be easily detected transmits the packet at a spacing of 
c/4vf. Also, the base station can calculate the speed of the mobile station based on two packets that 
have been received. Here, the two packets are received, and after both packets of data are 
respectively soft decided, and after each of the corresponding soft decided data set are added, by 
means of deciding again, a satisfactory error rate can be obtained. For example, using the 
modulation system BPSK or MSK, delayed detection is conducted, and after the soft decisions, the 
soft decision data for the bits corresponding to each of the two packets are added, and again 
decided, or, based on the soft decision added data that have been added, decoding of the error code 
that was encoded beforehand can be conducted. Also, in this application example, it is also 
possible to increase the transmission efficiency by using only the reverse channel for a packet 
communications ARQ system in which reliability is especially demanded. 

Also, the base station has the huge benefit that it can always know the mobile speed of the 
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mobile station. 

In other words, according to this application example, as in the case of using the space 
diversity system, even through a large antenna system station installation is not used, the same 
error rate characteristics as when the space diversity system is used can be obtained. For example, 
when the speed of the mobile station is below a fixed value, control in which the same packet is not 
sent becomes possible, and, generally it can be used in the management of the mobile station. 

Effect of the invention 

According to this invention, even in an extremely small slave station that does not have an 
equalizer, by using a wireless circuit with multipaths, it is possible to realize digital 
communications with an extremely small amount of transmission error. 

Also, it is not necessary for the base station to have multipath reverse correctors equaling 
the number of slave stations, and the overall quantity of hardware can be reduced. 

Rrief description of the figures 

Figure 1 is a diagram for the purpose of explaining one application example of this 
invention. Diagrams for a case in which it is applied to packet form digital data [includes] Figure 
2 and Figure 3 [which] are diagrams showing the master station construction in this application 
example, and Figure 4 and Figure 5 which are diagrams for the purpose of explaining the 
technology which removes the problems in a RE - RE - phasing circuit. 
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